BACKGROUND: Deep vein thrombosis (DVT) and cellulitis are common conditions whose symptoms lead patients to seek medical attention in the emergency department (ED). Distinguishing between these two conditions quickly and accurately is important. OBJECTIVES: To determine the yield of duplex scanning among ED patients whose clinical presentation is compatible with DVT or cellulitis. In addition, to determine whether baseline clinical variables are predictive of the final diagnosis among ED patients with an initial clinical impression of 'DVT versus cellulitis' who underwent duplex scanning. METHODS: In this historical cohort study, patients with a final diagnosis of DVT (positive duplex) were compared on several baseline variables with patients with a final diagnosis of cellulitis (negative duplex and antibiotics prescribed) . RESULTS: One hundred-nine of 542 ED patients referred for a duplex scan were initially diagnosed as 'DVT versus cellulitis', 17% of whom had DVT confirmed by a positive duplex scan. Comparing patients with DVT versus those with cellulitis, 0% versus 15.3% had rigors (P=0.06); 0% versus 8.3% had distinct margins of erythema (P<0.01); 5.3% versus 22.2% were currently on antibiotics (P=0.09); and 50% versus 21.3% had an elevated white blood cell count (P=0.04). CONCLUSION: There are differences in a number of baseline characteristics of 'DVT versus cellulitis' patients who went on to have either positive or negative duplex scans, some of which were statistically significant despite the limited sample size. These findings should be confirmed prospectively in a larger study sample since they may have the potential to aid in the clinical differentiation between DVT and cellulitis. 
eep vein thrombosis (DVT) and cellulitis are common conditions whose symptoms lead patients to seek medical attention in the emergency department (ED). Both may have serious consequences. Cellulitis may progress to sepsis, while DVT can lead to pulmonary embolism, which can be fatal, or chronic post-thrombotic syndrome, which can be debilitating. Although the clinical presentations of DVT and cellulitis can be similar, their management is completely different: patients with DVT require urgent anticoagulation whereas those with cellulitis require antibiotics. Hence, distinguishing between ©2003 Pulsus Group Inc. All rights reserved ORIGINAL ARTICLE these two diagnoses quickly and accurately is important. Cellulitis is diagnosed on clinical grounds, based on the presence of leg swelling, redness, tenderness, warmth and fever (1) . While cellulitis is often easily diagnosed clinically and usually does not require further ED testing, sometimes patients present with a confusing clinical picture compatible with either cellulitis or DVT. Furthermore, in practice a duplex scan may be ordered to rule out DVT even when cellulitis is considered to be the likely diagnosis because the two entities can mimic each other clinically and DVT can only be reliably excluded with objective testing (2) .
Despite their similar clinical presentations, studies of diagnostic strategies directly comparing DVT to cellulitis are rare. We performed a literature review from 1976 to 2001 using MEDLINE and found no studies that specifically compared DVT to cellulitis from the perspective of history, physical examination and common initial investigation. One proposed objective diagnostic method for cellulitis, which involves measuring the concentration of protein in edema fluid (3), has not been further validated and is not clinically practical.
If one could identify a group of clinical features that were useful in predicting DVT in patients with clinically suspected cellulitis, it might be possible to achieve quicker, more reliable clinical diagnoses and more rapid access to appropriate therapy. In addition, there would be fewer unnecessary duplex scans in patients who are at low risk for DVT. Conversely, if there were no clinical features that were found to be useful in differentiating DVT from cellulitis, ED physicians could be confident that their use of resources is appropriate when ordering a definitive investigation such as a duplex scan to help differentiate the two conditions.
The objectives of the present study were to determine the yield of duplex scanning among ED patients whose clinical presentations were compatible with DVT or cellulitis and to determine whether baseline clinical variables predicted a positive duplex scan in these patients.
METHODS
This was a historical cohort study of patients who presented to the ED of Sir Mortimer B Davis Jewish General Hospital between 1995 and 1998 whose clinical presentations were compatible with acute cellulitis of a single lower extremity but who were also referred for a duplex scan, which is the principal diagnostic test used at this institution to diagnose DVT. Study patients had to have had a duplex scan ordered from the ED. Patients were eligible for inclusion if they were referred from the ED for a duplex scan and the treating physician documented a clinical suspicion of cellulitis by writing the term cellulitis, soft tissue infection, skin infection, erysipelas or lymphangitis in the differential diagnosis. Alternatively, patient eligibility was also determined by a clinical description in the original diagnosis that included all four elements of the currently accepted criteria for the clinical diagnosis of cellulitis, namely erythema or redness, pain or tenderness, swelling or edema and a hot or warm area (1, 4, 5) . Patients who did not have clear documentation of cellulitis findings were eligible if they were assigned a final diagnosis of cellulitis and were treated with antibiotics after the duplex scan was found to be negative. Patients who had bilateral leg symptoms were excluded because neither cellulitis nor DVT typically present with bilateral symptoms. The hospital's research ethics committee approved the study protocol before its initiation. A list of all patients who had a duplex ultrasound ordered from the ED between March, 1995 and March, 1998 was obtained from the vascular laboratory. The hospital charts of these patients were screened for the above inclusion criteria. Each chart meeting the inclusion criteria was reviewed in detail by one of the investigators using a standardized data extraction form. Only those baseline data on demographic factors (Table 1) , history, physical examination (Table 2) and laboratory assessment ( Table 3 ) that were documented before duplex scanning was performed were extracted. The vascular lab technician performing the duplex scan did not have access to the patients' clinical data.
The baseline data from patients with a positive duplex study (confirmed DVT) were examined and compared to patients with negative duplex studies who subsequently were prescribed antibiotics (presumed cellulitis). The final diagnoses in patients with negative duplex scans who were not prescribed antibiotics were also recorded. For continuous variables, means were calculated and compared between groups using Student's t-test. For categorical values the proportions in each group were calculated and compared using the χ 2 test. A 2-tailed P value of 0.05 or less was considered significant.
RESULTS
Of 542 consecutive ED patients who were referred to the vascular laboratory for a duplex scan, 109 (20.1%) met the study entry criteria (ie, were given an initial clinical diagnosis compatible with cellulitis). Of these, 19 (17.4%) had a positive duplex scan (ie, final diagnosis was DVT), two (1.8%) of whom were also treated with antibiotics (ie, final diagnosis was both DVT and cellulitis). Of the patients with negative duplex scans (n=90), 72 (80%) were subsequently prescribed antibiotics (ie, final diagnosis was cellulitis), while 18 (20%) were not prescribed antibiotics and were assigned a final diagnosis of Baker's cyst, superficial phlebitis or musculoskeletal injury.
Comparison of the baseline variables in patients with a final diagnosis of DVT versus cellulitis is presented below.
Demographic variables
The mean age of patients in the cellulitis and DVT groups did not differ, however, there was a trend toward a greater proportion of females in the DVT group compared with the cellulitis group (Table 1) .
Symptoms and signs
A history of chills and/or rigors was obtained in 15.3% of cellulitis patients versus 0% of DVT patients (P=0.056). In addition, constitutional symptoms such as malaise, anorexia, nausea or vomiting were found in 18.1% of cellulitis patients versus 5.3% of DVT patients, but this difference did not reach statistical significance. With regard to physical signs, distinct margins of erythema were found in 8.3% of cellulitis patients versus 0% of DVT patients (P=0.008). Homan's sign was noted in one patient with DVT and in none of the patients with cellulitis. Varicose veins were noted in 15.8% of DVT patients versus 4.2% of cellulitis patients, although this difference did not reach statistical significance. There were no significant differences between patient groups for such physical signs as tachycardia, fever, abscess, red streaking, inguinal lymphadenopathy, chronic venous skin changes, open wound, palpable cord, or superficial venous dilation (Table 2) .
Comorbid conditions and medications
Although not reaching statistical significance, current antibiotic use and diabetes were more common in patients with cellulitis than in those with DVT (22% versus 5.3%, and 29% versus 16%, respectively), whereas peripheral vascular disease and recent surgery were more common in patients with DVT than in those with cellulitis (32% versus 15%, and 26% versus 1%, respectively). For variables such as current use of anticoagulants, estrogen-containing medications or corticosteroids, past history of cellulitis, DVT or malignancy, and recent trauma, there were no differences between the patient groups (data not shown). Table 3 as greater than 11x10 9 /L) was detected in 50% of DVT patients versus 21.3% of cellulitis patients (P=0.038). There were no differences between patient groups with respect to mean platelet count, mean levels of lactate dehydrogenase or aspartate aminotransferase, or the proportions of patients with abnormal cut-off values for these tests. Although mean creatine kinase (CK) was higher in the cellulitis group, only one patient in the DVT group had their CK levels measured (Table 3 ).
Laboratory data Leukocytosis (defined in

DISCUSSION
We found that over a three-year period, 20% of patients presenting to the ED who had a duplex scan ordered were also suspected to have cellulitis, affirming that differentiating cellulitis from DVT is a common clinical dilemma. Among these, 17.4% had DVT confirmed by a duplex scan, while only 1.8% had both DVT and cellulitis.
Among study patients, there were differences in the clinical features of patients who had positive duplex scans (ie, DVT) and those who had negative duplex scans (ie, cellulitis). Specifically, we found that patients with a diagnosis of cellulitis were more likely to have constitutional symptoms, rigors, a past history of diabetes and/or distinct margins of erythema (we examined whether distinct margins of erythema might distinguish skin infection from DVT, since this finding is not a typical feature of DVT but may be associated with erysipelastype skin infections). Since cellulitis is a skin infection, these findings are not unexpected, but rather confirm that it is important to elicit these elements of the history and physical examination in patients suspected of having DVT or cellulitis. Diabetics are at increased risks for skin infections for a number of reasons, hence they are, on average, more prone to cellulitis. Conversely, diabetes is not a known risk factor for DVT. More of the patients with a final diagnosis of cellulitis were on antibiotics at the time of presentation than were those with a final diagnosis of DVT. This is likely explained by a previous diagnosis of cellulitis with a prescription of antibiotic therapy and subsequent treatment failure, leading to an ED visit for further evaluation.
Patients with a final diagnosis of DVT were more likely to have had recent surgery, a history of varicose veins and/or peripheral vascular disease, all of which are considered risk factors for DVT. However, it was surprising and noteworthy that more than twice the proportion (50% versus 21.3%) of patients with a final diagnosis of DVT, compared with cellulitis, had an elevated WBC count. None of the other laboratory data examined showed a difference between the two groups, although there was a suggestion that CK levels may be higher in patients with cellulitis, which merits further study.
Previous studies have proposed methods to objectively diagnose cellulitis, including soft tissue imaging with magnetic resonance imaging (6,7) or nuclear isotope scan (8) . These are not commonly used in the clinical setting. Aspiration and culture of fluid from the leading edge of the affected area has proven to be very limited as a diagnostic method (1). Most often, cellulitis is diagnosed on clinical grounds, in some cases only after DVT has been objectively ruled out. Ginsberg (9) reviewed 101 cases of cellulitis to better define the presentation, diagnosis, treatment and prognosis of cellulitis. While describing various clinical characteristics of his patients with cellulitis, his study did not specifically compare cellulitis with DVT. Glover and Berdick (10) found that among 245 patients with cellulitis, none had a "clinically significant" DVT on a duplex scan. However, their study population was limited to patients with "clinically evident cellulitis", which may be different from the population in the present study. Mahe et al (11) found that six of 40 patients with a diagnosis of erysipelas had a clinically significant DVT on duplex scan, similar to our findings.
Contrast venography is the accepted 'gold standard' for the objective diagnosis of DVT. However, venous duplex ultrasonography has increasingly become the first-line diagnostic test for DVT, since, unlike contrast venography, it is non-invasive. Previous studies have noted the sensitivity and specificity of duplex scans to be up to 97% (12) . Miller et al (13) found that duplex scans, when compared with contrast venography, were highly accurate in diagnosing acute DVT of the lower extremities, avoiding contrast venography in over 90% of the cases. Duplex scanning is now the first choice investigation of many ED physicians for the diagnosis of DVT (4,10,13) and as its accuracy has improved, so has its usage. Glover and Bendick (10) evaluated results of duplex scans to determine the appropriate indications for this test. They concluded that there was overuse of duplex scanning and suggested that the history and physical examination should be important indicators of the presence or absence of lower extremity DVT. While they provide some clinical guidelines that help to determine if a patient is a candidate for duplex scanning, they do not specifically identify criteria to differentiate between cellulitis and DVT.
To make the diagnosis of DVT we used only duplex ultrasonography. D-dimer testing has gained increasing utility and acceptance as an ancillary diagnostic tool for thromboembolic disease (14, 15) . Rapid D-dimer testing, however, has only become widely available during the past few years and was not used at our institution at the time of this study, hence, we could not evaluate its use in the diagnostic process.
Our study has several limitations. Since this was a retrospective study, the data we collected may have been incomplete or imprecise. It is possible that the actual study population was different from the target study population (ie, patients in whom the initial clinical impression was restricted to DVT versus cellulitis). However, since the charts of all of the ED patients sent for duplex scans were reviewed for possible entry into the study, we were unlikely to miss patients in whom DVT was suspected. On the other hand, if, because of poor documentation, it was not apparent that cellulitis was in the differential diagnosis, such patients could have been inadvertently excluded from the study (ie, we may have selected for those patients who had more severe symptoms or signs of cellulitis, which as a result were better documented). We attempted to avoid overselection of severe cases by allowing for many different terms in the chart that could indicate cellulitis. Because the 'gold standard' for the diagnosis of cellulitis is a clinical impression based on cardinal signs and symptoms, we felt this was the most appropriate way to select patients for entry into the study. All data on potential predictor variables were obtained from the hospital chart, hence, some data were missing. However, this was expected to occur in a non-differential fashion across outcome groups. Also, much of the data we examined, such as vital signs, results of lab tests, and information on previous hospitalizations and medical conditions, were universally available in the hospital records.
Measurement bias could have occurred if we extracted data that were recorded on the ED chart after the ED physician knew the duplex result, however, we did not use data on predictor variables recorded after the results of the duplex scan were known.
Another source of possible measurement bias was the data collection process, since one investigator collected all of the data. As it was not possible to blind the investigator to the results of the duplex scans, there existed the possibility of the investigator reporting data differently in different groups. To reduce this bias, we developed very specific criteria for data collection using a standardized case report form.
Regarding generalizability of the study findings: while we only accrued patients from one site, our hospital is a university teaching hospital that also serves as a community hospital to a local catchment area, and the patients it services are highly diverse.
This paper was designed to examine patients with acute symptoms. Despite our best attempts, the retrospective design of the study did not allow us to ensure that all patients with chronic problems were excluded. However, since these were acute care visits to an emergency department it was assumed that the patients were seeking attention for an acute problem when not otherwise stated on the chart.
As is often the case in the ED, patients are initially assigned a diagnosis and treatment, and follow-up is conducted by a different care provider. It is therefore possible that after continued follow-up the diagnosis for some patients may have proven to be different. This limitation was not addressed in the present retrospective analysis but could be dealt with in a prospective follow-up study.
CONCLUSION
We found that 17.4% (19 of 109) of patients with suspected cellulitis referred for a duplex scan had a positive scan result. We found differences in a number of the baseline characteristics of 'DVT versus cellulitis' patients who had positive versus negative duplex scans, some of which were statistically significant despite the limited sample size. These findings, if confirmed prospectively in a larger study, may aid clinicians in the diagnosis of cellulitis in patients eliciting an initial clinical impression of cellulitis versus DVT.
